several canals traverse parts of it, particularly between Lexington and Elm Creek.
Data were collected from mid-December to mid-Marchin 1978 mid-Marchin -1979 mid-Marchin and 1979 mid-Marchin -1980 . We observed the ducks' diurnal activities using a 20 x spotting scope and Questar 1300-mm scope. Nocturnal activities were observed with a Javelin Model 226 long-distance night-viewing device equipped with a 300-mm lens.
We recorded the ducks' activities at 12-s intervals with the aid of a metronome timer. Individual Mallards were randomly selected by locating a group of birds in the scope' s field of view and, after looking away and slightly moving the instrument horizontally and/or vertically, observing the individual nearest to the point where the cross hairs intersected. Data were collected continuously for l-60 min for each individual observed. Nocturnal activities were only recorded during clear or nearly clear nights so that we could determine a duck' s sex at distances up to 100 m. Snow on surrounding areas and/or moonlight greatly improved visibility. The male' s dark head was the most prominent characteristic at night. Activities identified in this paper are:
Sleeping. Resting, with the head usually held close to the body or lying on the back with bill tucked into the feathers.
Swimming. Aquatic locomotion not directly associated with feeding, but including bathing. Alert. Head up, usually stretched, and cessation of activities. We captured 19 Mallards with rocket nets, bait traps, or drive traps and fitted them with transmitters similar to those used by Dwyer (1972) . Two birds that were monitored for fewer than eight days were excluded from analyses. Radio-tagged birds were followed from 14 January to 15 March 1980 on a 28,700-ha study area near Over-ton (Fig. 1) . Twenty-two percent of this tract consisted of river-me sites (including present and former channels); 47% was cornfields (70% grazed by cattle, 20% idle, 9% fall-tilled); 14% was hayland (mostly mowed alfalfa); and 13% grasslands (mostly grazed pastures). Cattle feedlots accounted for < 1% of the study area. The diurnal locations of radio-tagged ducks were recorded from before dawn to after dusk at hourly intervals when possible. Time and habitat were noted at each location. Telemetry data were analyzed with a computer program developed by Cedar Creek Bioelectronics Laboratory using the grid square, minimum area method. Minimum square area for this study was 16.2 ha. Roost sites were separated into "activity centers" (areas used on three or more consecutive days) and "exploratory sites" (areas used on fewer than three consecutive days). Exploratory sites farther than 0.4 km from each other were considered separate. Distance of exploratory movements from the principal activity center (area used for the longest number of consecutive days) of each duck was measured from the center of each area. A "roost area" was determined by plotting on a map the outermost locations where a bird spent all its time except when foraging in fields, connecting the points with straight lines, and measuring the enclosed area with a planimeter.
Walking. Terrestrial locomotion not directly associated with feeding. ;---------_________________
Data on roost microclimate were recorded at a canal 4 km ESE of the Overton Interstate 80 exit, and along the north bank of the Platte River on the Lillian Annette Rowe Bird Sanctuary near Gibbon from 16 January to 22 February 1980. Daily maximum-minimum temperatures, relative humidity, and solar radiation were recorded within 30 cm of the soil or water surface. Monthly weather summaries containing maximum-minimum temperatures and precipitation for Keamey and the Canaday steam plant were obtained from the U.S. Environmental Data Service (1978) (1979) (1980) . We also determined the age composition of the population by using wing feathers from Mallards that were either live-trapped or shot Habitats on the study area were identified and plotted on 1:24,000 U.S. Geological Survey topographic maps. Field boundaries visible on U.S. Department of Agriculture (USDA) aerial photographs were transferred to topographic maps and verified by ground inspection. Cropland areas planimetered by the USDA were used when existing field boundaries were the same as those shown on the aerial photographs; otherwise, areas were estimated with a dot grid.
Differences in the birds' use of river-me, canal, and other habitats were analyzed with a functional categorical procedure that provides a Chi-square analog of analysis of variance (Grizzle et al. 1969 , SAS 1982 . The number of times that Mallards were observed in each of these habitats was transformed to a logarithmic value for the analysis. The effects of age and sex on the ducks' movements and the size of their roosting areas were examined with conventional analyses of variance.
RESULTS

POPULATION CHARACTERISTICS
The peak density of Mallards increased fivefold from the cold winter of 1979 to the mild 
CHARACTERISTICS OF ROOST SITES
Riverine areas and drainage canals that were used as roost sites by wintering Mallards had similar characteristics. Riverine roosts were ice-free flood pools and beaver (Castor cunadensis) impoundements adjacent to treeless sandbars and close to wooded banks and islands. Most of these sites faced the sun and were sheltered from the prevailing northwest wind by high banks and woods. East-west canals with high north banks were also often used as roosts, especially if they had trees on the north bank that afforded protection from northwest winds and prevented snow from drifting into the canal. The width of the canal at these roost sites was 13.5 + 1.8 m (K + SD) at bank apex and 7.4 + 1.6 m at water level. The bank' s height was 2.1 + 0.4 m above the water' s surface on the north side and 1.1 * 0.2 m on the south side. The lower height of the south bank allowed more sunlight to strike the north bank, which increased the ambient temperatures of these sites and ameliorated the effects of prevailing winds on their microclimate. Maximum water depth was 23.7 f 5.5 cm. The temperatures at the ducks' roost sites were different from one another and from those reported at nearby weather stations (Table 2) . Riverine temperature was warmer (-24 .4 to 2O.O"C) than the ambient temperature (-26 .7 to 12.2"C) at the Kearney U.S. Weather Station nearby. Maximum and minimum temperatures along the river also exceeded ambient temperatures recorded concurrently at Kearney 87 and 6 1% of the time, respectively. Air temperatures along the canals were also warmer (-22.0 to 16.1"C) than ambient temperatures (-26.7 to 12.8"C) at the Canaday U.S. Weather Station nearby. Average daily maximum and minimum temperatures between Keamey and Canaday were similar (Table 2) . However, in riverine habitats maximum temperatures were 68% warmer and minimum temperatures were 3 1% colder than corresponding canal temperatures.
Relative humidity was 22% lower in riverine habitats than in canals. It was highest at night (22:00-08:00)-67 k 4.2% in riverine habitats and 86 +-4.2% in canals-and lowest during the day (08:00:22:00)-50 + 9.0% in riverine habitats and 65 * 12.8% along the canals.
HABITAT USE Radio-tagged wintering Mallards roosted in riverine areas and irrigation drainage canals 47 and 46% of the time, respectively (Table  3) . They preferred areas of open water sheltered by trees and high banks, and having slightly elevated sandbars and vegetated areas. Adult males and females roosted in drainage canals 53 and 49% of the time, respectively, whereas subadult males and females occupied riverine habitats 56 and 6 1% of the time. Observed differences in habitat-use patterns between the sexes were statistically significant (x2 = 35.1, P < 0.00 1) whereas age-related differences were not (x2 = 0.02, P > 0.10).
Movements between canal and riverine habitat were associated with changes in ambient temperature, the temperature and relative humidity at the roost site, and ice formation (Fig.  2) . During the coldest periods (28 January-3 February, 1 l-l 7 February, 3-9 March), Mallards congregated in the canals, which were warmer than elsewhere, but they returned to riverine areas when ambient temperature rose. Although maximum and minimum relative humidity were lower and more stable in riverine areas, these areas were also more exposed to windchill, resulting in rapid ice formation. During the severe 1979 winter, extensive ice forced Mallards to leave most river areas. During the period shown in Figure 2 , however, ice formation was not extensive or prolonged, suggesting that other variables (e.g., intraspecific competition) caused the ducks to shift between habitats. When not at roost sites, Mallards were usually grazing in cropland, especially corn stubble fields (Table 3) . Cultivated and plowed corn stubble fields were used most often after snowstorms because strong winds prevented or reduced the accumulation of snow there. Cattle feedlots also attracted large number of birds, especially after snowstorms and when snow was deep. Mallards occasionally used mowed alfalfa fields, grazed pastures, and marshes that contained shallow pools suitable for dabbling Roost areas of radio-tagged subadults averaged 28% larger than those of adults (Table   4 , F = 12.53, P < 0.005). This difference was and loafing during the day. associated with the younger birds' tendency to be more mobile and occupy more activity centers (Table 4, (Table 5) . They also slept less and were less aggressive and alert during 1979. itats than in canals (Fig. 3) proached the Mallard' s T,, (dashed line) than river-me and ambient temperatures. Therefore, on the basis of the energy required for thermoregulation, canals would probably be the preferred habitats. During cold periods when canals were the most climatically suitable roost sites for Mallards, the limited water surface and crowding there favored heavier dominant birds, mostly males. However in extreme cold, dominant birds reduced energy-demanding activities, particularly aggression. Paired birds dominated canals and displaced unpaired females to river-me habitats, which may explain why unpaired males congregated at river-me areas where unmated females were most likely to be found. In addition, the scarcity of aquatic foods in the canals (Jorde et al. 1983 ) reduced foraging success and limited the time that ducks, particularly females, could stay in this habitat. During warm periods, riverine habitats were more suitable areas than canals because aquatic food was more abundant, foraging success was higher, and there was less competition.
Based on a limited sample of radio-tagged birds, subadults seemed to range over a larger area than adults during winter. Their low dominance, inexperience in selecting suitable habitats in which to overwinter, and their unpaired status may have caused them to make more and longer exploratory flights. In general, females moved less than males. Possibly (1) they were less able to maintain body weight (energy reserves) and therefore remained relatively sedentary because flight is energetically costly, (2) they were paired, thereby enabling them to successfully defend good roost sites, and (3) males had to explore more to find unpaired females.
Waterfowl adjust their activity patterns to conserve energy during severe winters and periods of cold (Prince 1979 , Hickey 1980 , Albright 198 1). Courtship activity, for example, decreased during prolonged periods of cold, but resumed when warm ambient temperatures reduced the energy needed for thermoregulation and when Mallards returned to tiverine habitats. During severe winters, courtship activity was low and probably limited to daylight hours, i.e., to times of day when ambient temperature was highest and energy required for maintenance was low.
Mallards foraged intensively in cornfields to consume energy-rich corn. However, they also fed in aquatic areas, even during cold periods, probably because these areas contained midge larvae, snails, and other invertebrate foods (Jorde et al. 1983 ) that are rich sources of calcium and certain other nutrients (Krapu and Swanson 1975 ) deficient in a diet of corn. In light of this, the difference in feeding activity between the winters of 1979 and 1980 suggests that Mallards may forego a nutritionally balanced diet in order to conserve energy for thermoregulation, especially during long periods of cold weather. Nutrients in native foods eventually must be acquired, but the energy content of animal and plant foods available in aquatic habitats during cold weather may not equal the energy that ducks expend searching for these foods. Mallards were probably better able to maintain a nutritional balance in 1980 than in 1979 because they did not need to spend as much time in thermally favorable, but nutritionally unfavorable canal habitats.
